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The present invention relates to an aircraft piloting 
system, at least for piloting the aircraft during a non 
precision approach with a view to a landing. 

Within the framework of the present invention, the 
expression "non precision approach" is understood to 
mean an approach which is not an instrument precision 
approach, such as for example an approach of ILS 
("Instrument Landing System") type. It is known that, 
in order to implement an instrument precision approach, 
use is made of ground stations that are situated on the 
strip verge and at least one specialized radio receiver 
mounted aboard the aircraft, which provides horizontal 
and vertical guidance before and during landing by 
presenting the pilot with the lateral deviation with 
respect to an approach axis and the vertical deviation 
with respect to a descent plane. Such an instrument 
precision approach affords considerable and effective 
assistance with landing (through lateral guidance and 
vertical guidance) in particular through poor 
visibility (fog, etc) or in the absence of visibility. . 

A non precision approach, such as considered in the 
present invention, therefore exists when the above 
information is not available, at least in part, so that 
a standard precision approach cannot be implemented. 

The present invention relates to a piloting system 
making it possible to implement a non precision 
approach such as this . 

For this purpose, according to the invention, said 
piloting system of the type comprising: 

- information sources ; 

- an information processing unit, which processes 
information emanating from said information sources; 
and 

- a user device, which uses the results of processings 
implemented by said information processing unit, 
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is noteworthy in that: 

- said information sources provide said information 
processing unit with at least one indication of 
position relating to the actual position of the 

5 aircraft and information making it possible to 

characterize a virtual approach axis; and 

- said information processing unit comprises a landing 
aid multimode receiver comprises an assisted approach 
mode function, which is able to determine the lateral 

10 and vertical deviations between the actual position 

of the aircraft and the position that it would have 
if it were on said virtual approach axis, and which 
transmits the lateral and vertical deviations thus 
determined to said user device. 

15 

Such a landing aid multimode receiver, preferably of 
MMR ("Multi Mode Receiver") type, is intended in a 
standard manner to implement an instrument precision 
approach, for example of ILS type, by using the signals 
20 transmitted by the aforesaid ground stations. 

By virtue of the integration in accordance with the 
invention of said so-called FLS assisted approach mode 
function (which makes it possible to implement a non 

25 precision approach) into said landing aid multimode 
receiver, it is possible to use links between equipment 
(computers, sensors) that already exist , as specified 
hereinbelow, and the implementation of the invention 
requires only modifications of software type, thereby 

30 making it possible of course to reduce the cost and 
bulk. 

Moreover, the solution is very robust and upgradeable, 
since any updates can be carried out (simply and 
35 rapidly) in software fashion. 

Advantageously, said landing aid multimode receiver 
comprises a satellite-based positioning function, 
linked with a satellite-based positioning system. 


Furthermore, in a preferred embodiment, said 
information sources comprise a flight management 
computer, preferably of FMS ("Flight Management 
System") type, as well as a plurality of sensors which 
are connected to said flight management computer. 

Additionally, advantageously, said information sources 
comprise, moreover, an inertial reference unit which 
determines a first position indication of the aircraft. 

In this case, in a first variant, said inertial 
reference unit provides said first position indication 
to the flight management computer, which then transmits 
this first position indication to said landing aid 
multimode receiver. 

Furthermore, in a second variant, said inertial 
reference unit provides said first position indication 
directly to said landing aid multimode receiver, by way 
of a specific link. In this case, advantageously, said 
landing aid multimode receiver comprises a satellite- 
based positioning function linked with a satellite- 
based positioning system, which determines a second 
position indication, and said landing aid multimode 
receiver determines on the basis of said first and 
second position indications a first refined position 
indication, which is therefore particularly precise. 

Additionally, in a particular embodiment, the piloting 
system in accordance with the invention comprises a 
satellite-based positioning device which determines a 
third position indication which it provides to said 
inertial reference unit, and said inertial reference 
unit determines a second refined position indication on 
the basis of said first and third position indications. 
This makes it possible to obtain a particularly 
reliable and precise position indication. 


In this case/ in a first variant, said inertial 
reference unit provides said second refined position . 
indication to the flight management computer, which 
then transmits this second refined position indication 
to said landing aid multimode receiver. 

In a second variant, said inertial reference unit 
provides said second refined position indication 
directly to said landing aid multimode receiver, by way 
of a specific link. This makes it possible to improve 
the level of integrity of the aircraft's position 
indications and, moreover, to reduce their transmission 
deadline. 

Additionally, in another particular embodiment, the 
piloting system in accordance with the invention 
comprises a satellite-based positioning device which 
determines a fourth position indication which it 
provides to a flight management computer, said inertial 
reference unit provides said first position indication 
likewise to said flight management computer, and said 
flight management computer determines, on the basis of 
said first and fourth position indications, a third 
refined position indication, which it transmits to said 
landing aid multimode receiver. 

The figures of the appended drawing will elucidate the 
manner in which the invention may; be embodied. In these 
figures, identical references designate similar 
elements . 

Figures 1 to 4 are the schematic diagrams of various 
embodiments of the piloting system in accordance with 
the invention. 

The system 1 in accordance with the invention and 
represented in a basic embodiment in figure 1, is 
intended for the piloting of an aircraft, in particular 
of a civil transport plane, at least for piloting the 


aircraft during a non precision approach (that is to 
say in the absence of information making it possible to 
implement a standard instrument precision approach) 
with a view to a landing on a landing strip (not 
represented) . 

Said piloting system 1 which is carried on board the 
aircraft, is of the type comprising: 

- information sources 2; 

- an information processing unit 3, which processes 
information emanating from said information sources 
2 ; and 

- a user device 4, which uses the results of 
processings implemented by said information 
processing unit 3 . 

According to the invention: 

- said information sources 2 provide said information 
processing unit 3 : 

■ with at least one position indication relating to 
the actual position of the aircraft, which position 
indication may be determined and transmitted in 
various ways within the framework of the present 
invention, as specified hereinbelow; and 

■ information making it possible to characterize a 
virtual approach axis, for the approach to the 
landing strip. Of course, this information, 
considered in the non precision approach of the 
present invention, does not comprise the data from 
guidance ground stations as in the case of an 
instrument precision approach;, and 

- said information processing unit 3 comprises a 
landing aid multimode receiver 5, preferably of MMR 
("Multi Mode Receiver") type which comprises a so- 
called FLS assisted approach mode function 6, 
relating to a non precision approach and able to 
determine the lateral and vertical deviations between 
the actual position of the aircraft and the position 
that it would have if it were on said virtual 


approach axis, and which transmits the lateral and 
vertical deviations thus determined to said user 
device 4, by way of a link 7. 

It is known that during a non precision approach, one 
of a plurality of possible assisted approach modes may 
be implemented, the assisted approach mode used being 
selected by the pilot. According to these assisted 
approach modes : 

- a virtual approach axis is determined, in particular 
on the basis of information contained in a database 
carried on board the aircraft and forming part of 
said information sources 2 ; 

- the lateral and vertical deviations of the position 
of the aircraft (of which a position indication is 
received from said information sources 2) with 
respect to this virtual approach axis, are computed 
by way of said FLS assisted approach mode function 6, 
which is integrated according to the invention into 
said landing aid multimode receiver 5; and 

- the aircraft is then piloted in such . a way as to 
cancel out these deviations. 

More precisely, said user device 4 uses the information 
provided by said landing aid multimode receiver 5 to 
allow the guidance of the aircraft up to its landing, 
either directly (the user device 4 can then comprise an 
automatic pilot) , or indirectly (the user device 4 can 
then comprise a display screen, for presenting said 
information to the pilot who in this case carries out 
the guidance) . 

As may be seen in figures 1 to 4 , said information 
sources 2 comprise a flight management computer 8, 
preferably of FMS ("Flight Management System") type, 
which is connected by a link 9 to said landing aid 
multimode receiver 5, as well as a plurality of sensors 
10, 11, 12 which are connected respectively by links 
13, 14, 15 to said flight management computer 8 and 
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which comprise in particular: 

- a VHF omnidirectional alignment radiobeacon 10, 
preferably of VOR ("VHF Omnidirectional Range") type. 
An omnidirectional radiobeacon such as this, with 

5 very high frequency and short range, provides on 

board the aircraft an indication of a bearing of the 
radiobeacon or the left and right departures from the 
course ; 

- a distance measuring device 11, preferably of DME 
10 ("Distance Measuring Equipment") type. Such a device 

measures the round-trip time for signals between the 
aircraft and a sender/receiver on the ground and 
deduces therefrom the distance and the ground speed; 
and 

15 - an inertial reference unit 12, preferably of IRS 
("Inertial Reference System") type or of ADIRS ("Air 
Data and Inertial Reference System") type. 

The flight management computer 8 transmits information 
20 (position of the threshold of the landing strip, slope 
or angle of descent, etc) emanating, for example, from 
a database, to the landing aid multimode receiver 5, 
which information makes it possible to characterize a 
virtual approach axis which is representative of the 
25 assisted approach mode, selected by the pilot (from 
among the plurality of assisted approach modes that are 
possible for a non precision approach) . 

Additionally, said flight management computer 8 also 
3 0 transmits a position indication of the aircraft to said 
landing aid multimode receiver 5, which indication 
makes it possible to define the altitude, the longitude 
and the latitude of the aircraft. 

35 In the particular embodiment represented in figure 1: 

- in a first variant, this position indication is 
computed by the computer 8, on the basis of 
information received from various systems and sensors 
10, 11, 12; and 
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- in a second variant, this position indication is 
computed by the inertial reference unit 12, on the 
basis of its own sensors (pressure sensors for the 
altitude, inertial platform) . 

5 

The piloting system 1 in accordance with the invention 
comprises, moreover, a satellite-based positioning 
device 16, which is linked with a GPS ("Global 
Positioning System 1 ') type system and which comprises an 
10 antenna 17 and a software function 18 which is 
integrated into the landing aid multimode receiver 5. 

By virtue of the integration in accordance with the 
invention of said so-called FLS assisted approach mode 

15 function (which makes it possible to implement a non 
precision approach) into said landing aid multimode 
receiver 5, it is possible to use links between 
equipment (computers, sensors) that already exist, and 
the implementation of the invention requires only 

2 0 modifications of software type, thereby making it 
possible of course to reduce the cost and bulk. 

Moreover, this solution is very robust and upgradeable, 
since in general it requires only software updates. 

25 

Furthermore, numerous functionalities relating to the 
use of the parameters emanating from the landing aid 
multimode receiver 5, which functionalities are for 
example integrated into the user device 4 and which are 

30 developed in respect of instrument approach modes (for 
example ILS) , are reusable when an FLS assisted 
approach mode (in respect of a non precision approach) 
is selected. In a non-limiting manner, mention may be 
made of the automatic pilot guidance laws, as well as 

35 the displaying on a display screen of the deviations 
between the position of the aircraft and the approach 
axis [in this case however, a different display 
symbology is preferably used in FLS assisted approach 
mode (in respect of a non precision approach) to 
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attract the pilot's attention to the activation of this 
mode] . Thus, the architecture in accordance with the 
invention of the piloting system 1 facilitates the 
production of a man/machine interface which is as akin 
5 as possible to the standard interface corresponding to 
an ILS instrument approach. 

In another embodiment represented in figure 2, in a 
first variant, the inertial reference unit 12 is 
10 connected directly by a specific link 19 to the 
software function 18 of the GPS device 16. It receives 
a GPS position indication from this GPS device 16. 

In this case, said inertial reference unit 12 
15 determines, on the basis of its own position indication 
and of this GPS position indication, a refined position 
indication, thereby making it possible of course to 
increase the precision of the position indication which 
is then transmitted to the multimode receiver 5, via 
20 the computer 8 and the links 15 and 9. 

It will be noted that, in the embodiments of figures 2 
to 4, the sensors and the links of the piloting system 
1 which do not participate in the determination and in 
25 the transmission of the position indication have been 
presented by dashed lines. 

In a second variant of the embodiment of figure 2, the 
piloting system 1 comprises a link 22 (represented 

30 chain dotted) instead of the link 19. This link 22 
connects the software function 18 of the GPS device 16 
directly to the flight management computer 8. In this 
variant, said computer 8 receives a position indication 
(preferably comprising the altitude, the longitude and 

3 5 the latitude of the aircraft) which is computed by the 
inertial reference unit 12, directly from the latter 
via the link 15, and a GPS position indication, 
directly from said software function 18 via the link 
22. Said computer 8 computes, on the basis of these two 
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position indications, a refined position indication, 
which it transmits to the mult imode receiver 5. The 
advantage of this second variant over the first variant 
of figure 2, resides in the fact that this variant does 
5 not require any modification of the software of the 
inertial reference unit 12. 

The embodiment of figure 3 is akin to that of the first 
variant of figure 2, the only difference being that the 
10 inertial reference unit 12 transmits the refined 
position indication directly to the mult imode receiver 
5, with the aid of a specific link 20, that is to say 
without going via the computer 8. 

15 This makes it possible to improve the level of 
integrity of the aircraft's position indication. 
Specifically, the computer 8 presents a level of 
integrity which is lower than the levels of integrity 
of the unit 12 and of the multimode receiver 5. As a 

20 result of this, the level of integrity of the 
information is better when the multimode receiver 5 
receives it from the unit 12 than when it receives said 
information from the computer 8. 

25 Another advantage of this embodiment resides in the 
fact that the delay between the moment at which data 
(GPS signals, information from the sensors of the 
inertial reference unit 12) making it possible to 
compute said position indications, are received aboard 

3 0 the aircraft, and the moment at which said position 
indications are received by the multimode receiver 5, 
is less than in said first variant of the embodiment of 
figure 2, since the operation of processing of said 
position indications by the computer 8 is eliminated. 

35 

This makes it possible to improve the performance of 
the guidance carried out (for example by the automatic 
pilot) on the basis of the information regarding 
departure (of the position of the aircraft from the 
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virtual approach axis) that is formulated by the 
multimode receiver 5. For example, it is possible to 
estimate this delay at around 1 second (corresponding 
to a distance traveled by the aircraft, hence to a 
5 position error, of around 72 meters for an approach 
speed of 14 0 knots) in the example of the first variant 
of figure 2, and at only 150 milliseconds (i.e. a 
position error of around 11 meters) in the example of 
figure 3. However, the guidance laws integrated into 

10 the automatic pilot are optimized for the ILS mode, in 
which a delay due to the processing of the information 
is of the order of 100 milliseconds (i.e. a position 
error of around 7 meters) . Said position error of 
around 11 meters being much like the position error of 

15 around 7 meters corresponding to the ILS mode, it is 
readily understood that the performance of the guidance 
will be better in the example of figure 3 than in the 
example of the first variant of figure 2 (position 
error of around 72 meters) . However, it should be noted 

20 that, even in the example of the first variant of 
figure 2, the position error remains well below the 
precision required during the approach, which is of the 
order of 180 meters. 

2 5 In another embodiment represented in figure 4, the 
inertial reference unit 12 is connected directly to the 
multimode receiver 5, by way of a specific link 21 
. which can correspond, for example, to the link 20 of 
figure 3 . 

30 

In this last embodiment, the multimode receiver 5 
determines a refined position indication of the 
aircraft, on the basis: 

- of a position indication which is provided by the 
35 software function 18 (GPS) which is integrated into 

said multimode receiver 5; and 

- of a position indication which is determined by the 
inertial reference unit 12 (on the basis of data 
emanating from anemometric and/or inertial sensors) 
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and which is transmitted by the link 21. 
Additionally, it will be noted that: 

- in the first variant of the embodiment of figure 2 
5 and in the embodiment of figure 3, the position 

indication that the inertial reference unit 12 
receives from the GPS device 16 corresponds to raw 
data, that is to say to data of relative position of 
the aircraft with respect to various GPS satellites; 
1 0 and 

- in the second variant of the embodiment of figure 2 
and in the embodiment of figure 4, the position 
indication determined by the software function 18 
corresponds, preferably, to a position of the 

15 aircraft in a terrestrial reference frame and 

characterized for example by its latitude, its 
longitude and its altitude. 


